To investigate the relation of the obesity and body-fat distribution with angiographically de®ned coronary atherosclerosis. DESIGN: Cross-sectional study in a clinical setting. SUBJECTS: Three hundred and twenty men (median age, 59 y) and 212 women (median age, 67 y) who underwent coronary angiography for suspected or known coronary heart disease at 5 cardiology departments between September 1996 and August 1997. Patients with disease duration b1 y were excluded. MEASUREMENTS: The body mass index (BMI) and the waist to hip circumference ratio (WHR) were used as main exposure variables, and either the presence of signi®cant coronary stenosis or the Gensini's score ( 10 vs`10) as an outcome variable, in a sex-speci®c multiple logistic regression analysis controlling for age, hospital, and other coronary risk factors. RESULTS: Among male patients, BMI was progressively higher with an increasing number of vessels involved (P trend 0.05); the adjusted odds ratios for the presence of signi®cant stenosis across quartiles of BMI were 1.0 (reference), 1.1, 1.9 and 2.5 (P trend 0.02), and the positive association was more pronounced for younger patients. Among females, however, such associations were not evident. Employing the Gensini's score as an outcome gave similar results. WHR was not signi®cantly associated with either outcome regardless of sex. CONCLUSION: These results suggested that BMI was predictive of coronary stenosis among male patients, but not among female patients. Unlike most previous studies, this study failed to detect a positive association with WHR.
Introduction
Recent long-term large-scale prospective studies have provided compelling evidence that obesity, as assessed by the body mass index (BMI) or relative body weight, is a risk factor for the occurrence of clinical coronary events. 1 ± 3 However, the link between angiographically determined coronary atherosclerosis and obesity still remains controversial, 4 and the overall trend demonstrates the predominance of negative over positive studies. Accordingly, some investigators claim that obesity may be related to processes which in¯uence acute clinical events, rather than atherosclerosis, 5 whereas others point out potential methodological issues in arteriography series. 6 On the other hand growing attention has been paid to male-pattern fat distribution (ie, abdominal, central, or visceral obesity) as a powerful predictor of both clinical coronary events 7, 8 and angiographically documented coronary artery disease (CAD), 9 ,10 independent of obesity per se. However, few investigations on this relationship have been conducted in Japan, 11 where the mortality rate from coronary heart disease is much lower than in other industrialized countries. 12 The objective of the present study was to examine the association of obesity and body fat distribution with coronary atherosclerosis among Japanese men and women undergoing coronary angiography.
Subjects and methods
The subjects for this cross-sectional study were 532 patients (320 men and 212 women) who, between September 1996 and August 1997, underwent coronary angiography for the ®rst time at cooperating cardiology departments in Fukuoka (4 departments) and an adjacent city (1 department). All patients were referred due to clinical signs of coronary heart disease. Patients were eligible if they were 30 years of age or older, and had no history of myocardial infarction, aortacoronary bypass surgery, or percutaneous transluminal coronary angioplasty. In addition, patients with at least one known condition out of congenital heart disease, valvular defects, and cardiomyopathy were excluded. Although a total of 838 eligible patients were identi®ed, 105 (13%) were not studied because of patients' refusal (n 38), severe illness (n 16), and early discharge before interviews (n 51). In data analysis, we eliminated a further 2 patients who had single coronary artery, 15 patients who lacked information on anthropometric measurements, 2 patients who reported ill de®ned onset of their disease, and 182 patients who had been suffering from cardiac symptoms or taking medication for b1 y; the last condition was applied to remove subjects whose obesity-related measurements might have been affected by their long-standing disease. The median age in years (and range) was 59 (31 ± 84) for male patients and 67 (41 ± 89) for female patients.
Weight and height measurements were obtained from medical records, and BMI was calculated as weight (kg)aheight (m) 2 . Nurses and the investigators measured patients' waist circumference at the umbilicus and their hip circumference at the maximal protuberance of the gluteal region, both in a standing position. The waist to hip circumference ratio (WHR) was used as an index of abdominal obesity. A self-administered questionnaire ascertained information on potential confounders including occupation, physical activity, drinking and smoking habits, and parental history of anginaamyocardial infarction, followed by a supplementary interview regarding unanswered questions. As regards diabetes, hyperlipidemia, and hypertension, laboratory and physical data upon admission and past histories were obtained from medical records; the questionnaire survey also elicited relevant information. Diabetes was de®ned as present if subjects had been diagnosed with the disease by a physician or if they had fasting plasma glucose 7.8 mmol andaor casual plasma glucose 11.1 mmol. Hypercholesterolemia was considered present if subjects were under medication or had serum cholesterol 220 mgadl. Hypertension was regarded as positive if subjects were taking medication or had systolic blood pressure 160 mmHg andaor diastolic blood pressure 95 mmHg.
Coronary angiography was performed by the percutaneous transbrachial or transfemoral technique. Although the method and the evaluation slightly differed between the departments, the reporting systems, all of which were based on the American Heart Association method, 13 were comparable; the lumen diameter reduction in each of 15 coronary artery segments was classi®ed into 0% (normal), 25%, 50%, 75%, 90%, 99%, and 100% according to the maximal narrowing. Signi®cant stenosis was de®ned as 50% narrowing in the left main coronary artery or 75% obstruction in other segments. The number of involved vessels was determined by the presence or absence of signi®cant stenosis in each of the right coronary artery, left anterior descending artery, and left circum¯ex coronary artery; signi®cant stenosis in the main left coronary artery, with or without stenosis in other segments, was treated as a separate category. The Gensini's severity score was also calculated.
14 To examine agreement of the angiographic evaluation across departments, randomly chosen cine®lms for 10 patients (Gensini's score: median 33.0, range 0 ± 90) from one teaching department were assessed in the other 4 departments in a blind fashion; the presence or absence of signi®cant stenosis agreed completely, and the interclass correlation coef®cient for the Gensini's score was 0.92.
Throughout this paper, sex-speci®c analyses were performed with the PC-SAS statistical package (SAS Institute Inc., Cary, NC). Age-adjusted BMI and WHR according to the severity of coronary stenosis were derived from analysis of covariance. Tests for linear trends were based on (multiple) regression analysis for continuous outcomes and the Mantel test for binary outcomes. Variables for coronary artery stenosis did not follow the normal distribution (see Results), whether or not any transformation was made. Therefore, by creating a binary outcome variable (presence vs absence of signi®cant stenosis in at least 1 segment, or 10 vs`10 Gensini's score), a multiple logistic regression model was applied to estimate the adjusted odds ratio (OR) and its 95% con®dence interval (CI) according to BMI and WHR (quartile classi®cation for both sexes combined). The potential confounders considered were age (in y), hospital department (5 categories), occupation (professionalaadministrative vs others (plus housewives for women), based on the job in which a subject had been engaged in longest), physical activities at current work (sedentary vs more active) and at leisure (`30 vs 30, minutesaweek exercise of moderate or more strenuous intensity), alcohol consumption (never, past, and`50 and 50 mladay drinking for males; neverapast and current drinking for females), cigarette-years (none, 1 ± 399, 400 ± 799, and 800 for males; none 1 ± 399, and 400 for females), and parental history of anginaa myocardial infarction (yes vs no). Diabetes, hypercholesterolemia, and hypertension were not controlled for, since these factors were likely to be intermediate steps in the causal path between obesity and coronary atherosclerosis. 15 In the fully adjusted models, 29 patients (5.5%) were not included because of missing information on at least 1 item BMI, WHR and coronary atherosclerosis K Tanaka et al among occupation (n 3), physical activities at work (n 6) and at leisure (n 21), and alcohol consumption (n 4). All the P-values quoted are two-sided, and those values`0.05 are regarded as statistically signi®cant.
Results Table 1 shows the association of BMI with other potential coronary risk factors. Men with higher BMI tended to be younger, to have higher WHR, and to present a lower prevalence of physical inactivity at leisure (P`0.05); an upward trend of borderline signi®cance was also noted for hypercholesterolemia (P 0.08). Women with higher BMI were characterized by higher WHR and greater prevalences of diabetes and hypertension (P`0.05).
In terms of the number of involved vessels, patients with no signi®cant stenosis were most prevalent (60% for males and 77% for females), followed by those with one affected vessel (20% for males and 13% for females). Patients with 10 Gensini's score accounted for 63% of males and 80% of females. Table 2 displays the age-adjusted averages of BMI and WHR according to the severity of coronary stenosis. Among males, BMI was progressively higher with the increasing number of involved vessels (P for trend 0.05), while such a tendency was not evident among females. WHR did not signi®cantly vary according to the number of involved vessels in either sex. Neither BMI nor WHR was signi®cantly related to the Gensini's score regardless of sex. In a multivariate binary logistic regression analysis (Table  3) , BMI was a signi®cant predictor of the presence of signi®cant coronary stenosis among males, while this was not the case among females. The patterns of multivariate ORs according to WHR did not appear monotonous, and none of those ORs signi®cantly differed from unity. The corresponding analyses using the Gensini's score ( 10 vs`10) as a dependent variable gave similar results; the fully adjusted ORs (and 95% CIs) across quartiles of BMI were 1.0 (reference), 1.1 (0.4 ± 2.5), 1.6 (0.7 ± 3.7), and 2.6 (1.0 ± 6.5) (P for trend 0.04) for males, and 1.0 (reference), 1.5 (0.4 ± 5.4), 1.3 (0.3 ± 4.9), and 1.7 (0.5 ± 5.8) (P for trend 0.47) for females; no signi®cant association with BMI, WHR and coronary atherosclerosis K Tanaka et al BMI, WHR and coronary atherosclerosis K Tanaka et al WHR was detected in these analyses either (data not shown).
In an attempt to utilize fully the outcome information, we also performed a multiple ordered logistic regression analysis with a scored dependent variable denoting the severity of coronary stenosis, yet the results obtained were essentially identical (data not shown). We examined whether the observed association between BMI and coronary artery stenosis among male patients was modi®ed by age (Table 4) . Among men aged`65 y (n 208), BMI was a strong predictor; by comparing extreme categories of BMI, the adjusted OR was estimated at 4.2 (95% CI 1.2 ± 15.1). In contrast, among older men aged 65 y (n 112), the OR was only 1.3 (95% CI 0.3 ± 6.9). WHR was not signi®cantly associated with coronary stenosis irrespective of age. For female patients, the number of subjects with signi®cant stenosis (n 49) was not large enough to allow age-speci®c multivariate analyses.
Discussion
This cross-sectional analysis is one of the largest studies which evaluated the associations of both obesity and malepattern fat distribution with angiographically de®ned coronary atherosclerosis. Our results indicated that BMI was predictive of coronary stenosis among male patients, but not among female patients, and that WHR was not appreciably related to coronary stenosis in either sex.
As regards obesity de®ned by BMI or relative body weight, recent large-scale long-term cohort studies fairly consistently observed positive associations with the incidence of coronary heart disease 1 ± 3 and the mortality from cardiovascular disease, 16 ± 19 although considerable controversy existed until the mid-1980s. 20, 21 In contrast, the majority of angiography-based cross-sectional studies have found no material relationship between obesity and coronary atherosclerosis; 5,9,10,22 ± 33 only several gave positive ®ndings, 34 ± 37 and one reported an upside-down U-shaped relationship. 38 Some researchers emphasize the role of obesity in acute clinical events (eg, thrombosis) rather than atherosclerosis. 5 However, this notion should be accepted with caution, since Reed et al 6 demonstrated that obesity was overrepresented not only among patients with severe stenosis but also among patients without stenosis in an arteriography series, and that associated ORs could be substantially underestimated. The present study was supportive of the biologically plausible link between obesity and coronary atherosclerosis, at least among male patients.
Another problem that can obscure potential associations with obesity may be that patients with more severe stenosis could present lower obesity indices as a result of their longstanding disease. To avoid this problem, we restricted the study subjects to those who had been suffering from cardiac symptoms or taking medication for 1 y. The application of more stringent conditions (disease duration 6 months) did not materially change the results (data not shown). This aspect was not taken into account in most angiographybased studies, which could also have yielded negative results.
In this study, the positive association between BMI and coronary stenosis was much stronger among men aged 65 y than men aged 65 y. In the Framingham Heart Study, the association of relative body weight with the 26 y incidence of coronary heart disease was most pronounced in those younger than 50 y. 1 In the American Cancer Society's Cancer Prevention Study I, Stevens et al showed that, for mortality from cardiovascular disease, the relative risk associated with greater BMI declined with age. 19 Rimm et al also reported a similar ®nding in a cohort study of 29 122 US men. 39 These prospective data on clinical coronary events correspond well with our results regarding angiographically determined coronary atherosclerosis.
Among our female patients, no monotonic relationship between BMI and coronary stenosis was observed. This may be ascribed to the modi®cation by age effect as described above, since those aged 65 y accounted for 60% of female patients as compared with 35% of male patients (P for the difference`0.001). However, it is possible that, among women in their 40s to early 60s for whom we could not perform age-speci®c analysis, obesity with gynoid pattern fat distribution does not confer increased risk for coronary atheroscleroris. Further studies are needed on sex-and agespeci®c aspects of the relationship between obesity and coronary stenosis.
Since the ®rst observation by Vague, 40 increasing attention has been paid to male-pattern fat distribution (as determined by WHR or waist circumference, subcutaneous fat distribution, and subscapular skinfold thickness) as a powerful predictor of coronary heart disease. Larsson et al 7 and Lapidus et al 8 showed the importance of WHR in the occurrence of coronary heart disease among white men and although there are still limited data among ethnic groups other than Caucasians. 42, 45 In addition, a number of both cross-sectional and cohort studies have correlated abdominal obesity with coronary risk factors, such as insulin resistance, dyslipidemia, and hypertension. 46 In the 1990s, studies emerged on the association of WHR or visceral fat accumulation (as determined by computed tomography) with angiographically documented CAD; 5,9 ± 11,28,30,32,33 most studies found varying degrees of positive associations, 5,9 ± 11,28,30,33 and 1 reported a positive relationship with the waistathigh ratio, but not with WHR. 32 In view of the accumulated evidence, our negative results on WHR appeared puzzling.
Several drawbacks of WHR as an index of abdominal obesity may be responsible for the lack of association in this study. Firstly, WHR (or waist circumference) is in¯u-enced by both visceral fat accumulation in the abdominal cavity and subcutaneous fat accumulation, although the former has been more closely implicated in metabolic disorders and CAD. 11, 47 Secondly, WHR does not exactly re¯ect abdominal fat deposition. Taaffe et al 48 and Taylor et al   49 compared WHR with relevant regional fat ratios derived from dual energy X-ray absorptiometry (DEXA), which can assess accurately fat deposition, uncompromised by bone and lean tissue content. 50, 51 Accordingly, the correlation coef®cient between WHR and each DEXA-derived ratio ranged from 0.36 to 0.78. Finally, WHR is subject to measurement errors of both waist and hip circumference. All of these issues may have caused some underestimation of the associated ORs in this study. However, it is unlikely that these measurement problems were differentially large enough to explain the discrepancy between this study and others employing similar measuring methods to determine WHR. 5, 9, 10, 28, 32, 33 The absence of a positive relationship to WHR in the present study may also be attributed to the racial difference in cultural and genetic backgrounds, as the Seven Countries Study showed a differential pro®le of risk factors for coronary heart disease in Japan. 21 However, two relevant studies on the Japanese 11 and Japanese Americans 42 afforded positive ®ndings.
Another possibility may relate to selection bias (eg, diagnostic suspicious bias), 4, 6 which is likely to attenuate the true association between abdominal obesity and coronary atherosclerosis. Although Pierce and Derby argued that the in¯u-ence of selection bias on associated ORs was, if any, minimal within their own data, 52 we could not address to what extent our results were in¯uenced by the bias.
Finally it should be noted that the study subjects were a selected series of patients; all of them were clinically identi®ed as possibly having ischemic heart disease, there being no true control group. While the present ®ndings thus should be interpreted with caution, the positive association between BMI and coronary stenosis observed for men suggests that obesity or weight gain may enhance coronary atherosclerosis, at least in Japanese men. Further elaborate studies on abdominal obesity and coronary atherosclerosis are warranted among the Japanese.
